Noninvasive ventilation has been widely used in the management of acute respiratory failure in appropriate clinical settings. In addition to known benefit of alleviating the need for invasive mechanical ventilation, recent literature suggested its beneficial use in the process of endotracheal intubation. Search of the PubMed database and manual review of selected articles investigating the methods and outcomes of endotracheal intubation in difficult airway due to hypoxemic respiratory failure and the role of noninvasive ventilation in this process. Large randomized controlled studies focused on alternative approaches to endotracheal intubation in severe hypoxemic respiratory failure are largely missing but there are several retrospective cohort analysis and reports describing the novel technique describing the application of noninvasive ventilation during endotracheal intubation. Noninvasive ventilation can be used as an adjunct intervention that may maintain oxygenation and ventilation, prevent significant hemodynamic instability and provide a pneumatic stent to maintain upper airway patency, thus reducing the risks of intubation-related complications.
Non-invasive positive pressure ventilation (NIV) has been validated in management of select patients with acute respiratory failure [1] . Failure of NIV and the need for transition to mechanical ventilation in this patient population can lead to severe complications. The use of NIV immediately before and during endotracheal intubation (ETI) may improve the safety in transitioning to invasive mechanical ventilation by a number of mechanisms. However, there is insufficient published data about the feasibility of the procedure and about possible impact of NIV maintenance throughout a difficult intubation scenario. We discuss and offer recommendations for the use of NIV during a predicted difficult intubation.
The role of NIV IN dIffIculT INTubaTIoN
In critically ill patients, ETI is an integral part of lifesupporting measures and is paradoxically associated with life threatening complications that are not infrequently encountered during a "difficult airway". Difficult intubation, defined by multiple attempts to introduce an endotracheal tube, extended duration of procedures or necessity for multiple approaches and intubation devices, may lead to serious soft tissue damage and is the major cause of death and anoxic brain injury during anesthesia care [2] . The incidence of difficult intubation varies greatly depending on patient population, clinical settings, operator skills and level of preparedness for problems with airway management [3] .
Traditionally, "difficult intubation" refers to the difficulty of glottic visualization and endotracheal tube placement during direct laryngoscopy. A broader definition, the "physiologic difficult airway" extends beyond anatomical concerns and takes into consideration the potential poor cardiopulmonary reserve encountered in cardiac surgery patients, as well as critically ill patients undergoing ETI [4] . Despite a technically easy laryngoscopy and endotracheal tube placement, hypoxemia, hypotension, severe acidosis, and right ventricular failure may be encountered in the periintubation period and contribute to significant morbidity. The combination of difficult laryngoscopy and endotracheal tube placement with poor physiologic reserve can lead to a catastrophic deterioration during ETI, a risk that increases with the number of intubation attempts. As a result, the rate of complications such as cardiac arrest, hypotension, and critical hypoxemia are much higher in critically ill patients than in anesthesia for elective surgery [5] [6] [7] [8] [9] [10] [11] . Bronchoscopic guidance after failed intubation or predicted difficult laryngoscopy is recommended by expert guidelines, and the lack of its availability and adequate operator skills are recognized as risk factors to complications of airway management [12, 13] . While there is a dearth of randomized controlled trials supporting the efficacy of bronchoscopic intubation in the intensive care unit, a recent retrospective cohort analysis imply its safety and feasibility [14] .
The role of NIV as an alternative to invasive mechanical ventilation for acute respiratory failure has been a subject of multiple studies [15] [16] [17] . While NIV may be effective in preventing the need for ETI in certain clinical scenarios with severe hypoxemic respiratory failure, intubation after a failed trial of NIV is associated with death and other complications [15, 18, 19] .
The use of NIV as a part of pre-oxygenation/ventilation strategy in preparation for ETI has been studied and shown to be beneficial [20] [21] [22] . Yet, the need to intubate the patient who has previously failed NIV or who is placed on NIV for the purpose of preoxygenation requires discontinuation of NIV. During this period when the NIV is discontinued but invasive ventilation has not yet been established, the patient is vulnerable to significant hypoxemia caused by derecruitment of lung dependent on extrinsic positive end expiratory pressure (PEEP) previously provided to maintain oxygenation. The extended beneficial effect on oxygenation may be expected if NIV is continued throughout the process of ETI with a nasal interface, which enables complete necessary instrumentation of the oral cavity and pharynx [23, 24] .
PhysIologIc beNefITs of NIV IN eNdoTracheal INTubaTIoN
The benefits of NIV support during ETI are multi-factorial, and may culminate in increased patient safety during the procedure. Providing NIV support improves ventilation, oxygenation, improves airway patency, and unmasks unstable hemodynamics prior to ETI (Table 1) .
Ventilation
Patients undergoing elective surgery generally tolerate apnea during ETI for elective surgery. The rise in PaCO 2 during apnea is non-linear, but approximates 3-4 mm Hg min -1 . The rate of PaCO 2 rise will be greater if the patient has increased metabolic rate due to a fever, tissue injury or systemic inflammation associated with acute illness. NIV can improve gas exchange during ETI by cyclically augmenting the trans-pulmonary pressure gradient to maintain alveolar ventilation. NIV can maintain satisfactory level of ventilation even during deep sedation as demonstrated in a case series of its application in procedural anesthesia [25] . In patients undergoing intubation during spontaneous breathing, NIV can theoretically decrease the work of breathing and improve ventilation by augmenting tidal volumes [26] .
oxygenation
Following induction and paralysis during rapid sequence intubation (RSI) the patient becomes apneic and the lungs recoil to the functional residual capacity (FRC). During this period, gas exchange continues as mixed venous blood continues to flow to the alveolar capillary bed and the FRC acts as the air reservoir supplying the circulation with oxygen. Both the volume of air at the FRC and its partial pressure of oxygen determine how quickly arterial desaturation occurs during apnea. The rate of total oxygen consumption in the tissues, as well as the magnitude and distribution of pulmonary blood flow also determine the time to desaturation. Pre-oxygenation of a spontaneously breathing patient with high supplemental FiO 2 is effective to lengthen the time before desaturation in patients presenting for elective surgery [27] . However, these standard methods of pre-oxygenation are ineffective in critically ill patients due to physiologic derangements. In this population, atelectasis commonly reduces FRC and increases the right-to-left shunt fraction. Low cardiac output state results in reduced pulmonary blood flow. Moreover, the high tissue oxygen demand during acute critical illness further compromises the balance between oxygen delivery and consumption. All of these factors can contribute to hypoxia during ETI. Patients with an oxygen saturation less than or equal to 93% during pre-oxygenation uniformly desaturate to <90% during intubation [28] .
In critically ill patients, NIV may offers benefits over standard pre-oxygenation techniques. Through positive pressure, NIV can recruit atelectatic lung, thereby increasing the volume of the FRC and reducing the shunt fraction. Oxygen consumption may also decrease as a result of the reduced work of breathing during spontaneous ventilation with NIV. Moreover, by increasing alveolar ventilation, NIV can increase the alveolar oxygen content by CO 2 and nitrogen washout. Theoretically, this can raise mixed venous oxygen saturation and improve the effectiveness of pre-oxygenation. The recruitment and benefit of pre-oxygenation with NIV can continue even after ETI is completed [20] .
NIV has also been shown to provide adequate oxygenation and prevent desaturation during ETI. NIV can be used in these settings as a form of apneic oxygenation. If the airway is patent, any high flow oxygen device can promote the replacement of alveolar gas that flows into the alveolar capillary beds through bulk flow. Therefore, high-flow nasal cannula (HFNC) can be used as an apneic oxygenation method, leading to reduced prevalence of severe hypoxemia during intubation of critically ill patients with mild-to-moderate hypoxemia in a pilot study [29, 30] . However, two randomized controlled trials found that HFNC during emergent ETI of patients with severe hypoxemia did not prevent desaturation [31, 32] . It is possible that high flow devices have limited benefits as a form of apneic oxygenation during ETI if airway patency is not maintained with maneuvers such as jaw thrust and because they provide little, if any, lung recruitment and ventilation. In addition to alveolar recruitment, PEEP via a nasal NIV interface during intubation can theoretically maintain airway patency. These possible benefits of PEEP are especially important in a patient undergoing RSI during which supine positioning, apnea, reduced FRC, and atelectasis promote desaturation during ETI.
De-nitrogenation is maximized with positive pressure ventilation due to alveolar recruitment. Pre-oxygenation with high FiO 2 effectively removes inert nitrogen from the alveolar air spaces and blood. Unfortunately, nitrogen normally acts as a pneumatic splint to maintain the patency of unstable lung units. Without nitrogen, the partial pressure of gas is very low in mixed venous blood returning to capillaries. Therefore, de-nitrogenation increases the gas pressure gradient from alveoli compared with alveolar capillary blood. After de-nitrogenation, oxygen will rapidly flow from the alveoli into the capillaries leading to alveolar instability and atelectasis -a physiological phenomenon also demonstrated on CT imaging [33] . PEEP facilitates alveolar recruitment, which can counteract the adverse effect of de-nitrogenation on alveolar recruitment and improve oxygenation. Additionally, nasal NIV during ETI can also aid oxygenation by partially supporting ventilation. The principle that oxygenation can be supported by nasal NIV throughout the process of intubation has been demonstrated for both bronchoscopic [34] and direct laryngoscopic ETI [24] .
Maintaining upper airway patency
The velopharynx corresponds to the upper airway at the level of the soft palate, which is the most common site of airway obstruction in adults during both sleep and deep sedation. Anesthesia reduces the tone of the pharyngeal muscle dilators, and blunts protective arousal reflexes, thus narrowing the antero-posterior diameter of the airway. These effects are more pronounced in the supine position. This pattern of airway obstruction in anesthesia is very similar to obstructive sleep apnea in which negative intraluminal pressures in the spontaneously breathing patient potentiate airway collapse. In both situations, the application of nasal NIV can relieve airway obstruction with the application of CPAP. Nasal NIV can displace the soft palate anteriorly, which partially prevents the leakage of air out of the oropharynx. Incremental increases in positive airway pressures leads to a linear increase in airway area at a given airway level. Therefore, nasal NIV can serve as a pneumatic splint for the oropharynx during anesthesia. Pilot data demonstrate that this splinting can aide ETI. Nasal NIV with a continuous positive airway pressure of 20 cm H 2 O has been utilized to relieve upper airway obstruction during fiberoptic-guided nasotracheal intubation in a morbidly obese patient [35] . The splinting effect on the glottis with PEEP has been visualized in a healthy patient on non-invasive BiPAP ventilation with an EPAP of 8 cm H 2 O (Fig. 1) . Although CPAP titration is utilized to relieve upper airway obstruction in obstructive sleep apnea, it is not known if a similar titration is required to provide pneumatic stenting of the glottis, or if a common minimum PEEP will suffice.
HeModynaMic effect
Critically ill patients frequently experience significant hemodynamic alterations during ETI [8] . The hemodynamic effects of NIV during ETI are complex and their net effect can be difficult to predict in critically ill patients. NIV decreases both venous return to the heart and to a lesser extent, left ventricular afterload. This can effectively treat pulmonary edema from left ventricular failure and can facilitate safe ETI [36] . However, positive pressure ventilation frequently decreases cardiac output by decreasing the pressure gradient for venous return to the heart [37] . Additionally, hyperinflation from positive pressure can elevate pulmonary vascular resistance and impede right ventricular output [38, 39] . Therefore, NIV can also worsen hemodynamics before or during ETI. Nevertheless, adequate and timely NIV use prior to ETI can offer early manifestation of hemodynamic consequences of positive pressure ventilation, allowing clinicians to treat the hemodynamic instability prior to sedation and anesthesia required for ETI. In a population of hypoxemic patients with poor right ventricular function treated with NIV prior to decision to intubate, continuation of NIV throughout the intubation may prevent hemodynamic changes related to transition from positive pressure ventilation (NIV) to negative pressure ventilation in the period of ETI and subsequent change from negative to positive pressure ventilation upon ETI [40] .
patient coMfort and safety
In cases of severe respiratory failure, clinicians may be forced to perform urgent ETI before a proper airway assessment and management strategy can be formulated. In carefully selected situations, clinicians may use NIV to temporarily stabilize the patient while preparing the patient and equipment for safer ETI. Using NIV can abrogate the need for bag-mask ventilation (BVM), a potentially very uncomfortable procedure in a suboptimally sedated patient. The transition to BVM itself carries a risk of difficult ventilation, supine positioning and reduction of FRC, and possibly the inability to provide adequate oxygenation in patients with severe hypoxemic respiratory failure. Avoidance of BVM and continuation of NIV during ETI, especially in cases of bronchoscopic awake intubation, can potentially improve safety in such high-risk cases.
Procedure(s)
There are several case reports and series that have been published which describe different ETI procedural techniques with a variety of NIV interfaces. The full-face mask interface can increase the delivered FiO 2 by limiting entrained air through the mouth which is common with the nasal interface. Moreover, full-face masks limit air leak through the mouth and can help maintain PEEP. However, in contrast to the nasal interface, full-face masks can contribute to upper airway obstruction in anesthetized supine patients by displacing the tongue posteriorly. As discussed above, nasal interfaces can stent the upper airway open and allow oral ETI without possible effect on tongue displacement.
Effectiveness of alveolar ventilation can vary depending on the patient's underlying pulmonary mechanics and the mode of NIV. Patients with non-compliant respiratory systems require higher levels of inspiratory pressure to deliver adequate tidal volumes. In this scenario, bilevel positive airway pressure (BIPAP) may be a superior mode. Patients with upper airway obstruction may require higher levels of end-expiratory pressure, so CPAP may be appropriate. If the patient is anesthetized, a mode with a set respiratory rate is recommended such as spontaneous/timed (S/T) mode. Regardless of the mode and settings, it is essential to monitor the patient on NIV and determine if the patient has adequate exhaled tidal volume and minute ventilation. In the absence of appropriate ventilation, the clinician should evaluate for airway obstruction, excessive leak, dynamic hyperinflation and inadequate driving pressure.
Outlined (Table 2) are the multiple airway strategies and ETI techniques that exist in the literature with NIV support. Aoyama et al. [41] performed fiberoptic-guided intubation [43] . Awake bronchoscopic intubation through an air-Q with the application of BIPAP BIPAP initially applied for preoxygenation. Singleuse air-Q orally inserted in sitting position and BIPAP was applied to the air-Q, followed by the insertion of endotracheal tube via the air-Q to 14 cm. ETT cuff inflated, and BIPAP connected to the ETT through a flexible connector with a bronchoscope port. Bronchoscope advanced through the flexible connector past the well-visualized glottis to the carina. ETT cuff deflated and advanced over the bronchoscope into the trachea. ETT cuff reinflated after confirmation of position.
Oxygen saturation 97% was maintained during the intubation process
Barjaktarevic et al. [34] . In the Patil mask group, fiberoptic intubation was performed while positive pressure ventilation was maintained through the Patil mask. The ventilation was better during intubation with the endoscopy mask than that with the LMA or ILM, but gastric insufflation was more frequent. This study was performed in patients prior to elective surgery and may not accurately reflect conditions in critically ill patients.
Nafeh et al. [42] performed fiberoptic-guided intubation in 11 severely obese patients while maintaining CPAP with a Boussignac valve (Vygon Medical, Montgomeryville, PA, USA) during the entire intubation procedure. The patients received oral and topical nasopharyngeal anesthetic and were placed in half-sitting position. PEEP of 7.5 cm H 2 O was delivered by a Boussignac valve powered by an oxygen flow of 30 L min -1 affixed to a face-mask. After initiation of remifentanil, fiberoptic orotracheal intubation was carried out through the Boussignac valve. General anesthesia was accomplished when the tracheal tube had advanced to the glottis. No patient had oxygen desaturation. This study was also done in elective surgical patients. Rothfleisch et al. [35] emergently nasotracheally intubated a morbidly obese patient using a fiberoptic bronchoscope with simultaneous application of CPAP 20 cm H 2 O to the contralateral nare using a nasal pillow that helped maintain ventilation. The CPAP treatment also facilitated visualization of the anatomic landmarks and translaryngeal passage of the bronchoscope. Wong et al. [43] performed an awake bronchoscopic intubation in an obese patient with a difficult airway and acute respiratory failure. BIPAP was initially applied for pre-oxygenation given repeated oxygen desaturation. A single-use air-Q LMA was orally inserted in the sitting position and BIPAP was applied to the air-Q, followed by the insertion of endotracheal tube via the air-Q. The endotracheal tube cuff was inflated, and BIPAP was connected to the endotracheal tube through a flexible connector with a bronchoscope port. A bronchoscope was advanced through the flexible connector past the well-visualized glottis to the carina. The endotracheal tube cuff was deflated and advanced over the bronchoscope into the trachea. The endotracheal tube cuff was reinflated after confirmation of position. Oxygen saturation of 97% was maintained during the intubation procedure. Cataldo et al. [24] applied Nasal Oxygenation and Ventilation of the Airway (NOVA) technique with nasal mask NIV during rapid sequence intubation and direct laryngoscopy in critically sick patients requiring ETI. The authors propose that partially ventilating a paralyzed patient during rapid sequence intubation may eliminate the apneic period altogether. Barjaktarevic et al. [34] performed bronchoscopic-guided intubation with NIV in ten patients with acute hypoxemic respiratory failure (Fig. 2) . The patients had progressive hypoxemic respiratory failure despite NIV and subsequently required rescue ETI. BIPAP, initially delivered via a full-face mask, was later changed to nasal interface in anticipation of rescue orotracheal intubation. Patients were ventilated with nasal NIV and placed in a semi-recumbent position. An oral airway covered with 5% lidocaine ointment was placed in the oropharynx. After sufficient topical anesthesia, an intubating Williams airway was placed in the oropharynx and systemic sedation was administered. The endotracheal tube was inserted into the Williams airway and the bronchoscope was placed through the endotracheal tube and into the distal trachea. The endotracheal tube was then passed into the trachea using the bronchoscope as the stylet (Fig. 3) .
lImITaTIoNs of NIV durINg eTI
Airway management plans can be more complex with the application of NIV and require additional experience with a defined protocol. The equipment costs include the use of the ventilator, the disposable airway interface, ventilator tubing, and the personnel to set up the equipment. Adding unfamiliar equipment and procedures can distract clinicians during emergency airway management. Using NIV during ETI may require more to provide proper topical anesthesia, and may not be feasible when there is insufficient time to properly prepare the patient and equipment. Many patients do not tolerate NIV due to patient-ventilator asynchrony. Appropriate patient selection as well as careful titration and adjustment of NIV settings (mode, interface, pressure titration) are essential.
Contraindications to NIV support during ETI include blood and excessive secretions in the airway, vomiting, or a high risk of aspiration. While the use of antisialagogue such as glycopyrrolate or, less often, atropine or scopolamine may decrease mucus and salivary secretions, this complication is more likely if the patient has impaired gastric emptying. The risk exists with an insufflation pressure of greater than 20 cm H 2 O, which can be easily obtained using manual ventilation, thus limiting the absolute positive pressure value, and can decrease the risk of aspiration [20, 44] . There is not sufficient evidence to support the routine use of a nasogastric tube for gastric decompression. Most complications of NIV are local and related to the tightly fitting mask such as local skin damage, mask leak, and eye irritation.
coNclusIoNs
NIV is a well-validated treatment in selected patients with acute respiratory failure. NIV can also be used to sup- Recommended setup for NIV-supported awake bronchoscopic intubation: 1. The cooperative patient is placed in semi-recumbent position in order to minimize distress. 2. The nasal mask is used as an interface for the application of NIV (if previously on a different interface, change to nasal mask is recommended during the process of preparation for ETI. 3. The posterior oropharynx is anesthetized with 4% atomized lidocaine solution with the goal of coating the glottis and the piriform recesses. 4. Lidocaine ointment 5% coats Williams airway prior to its insertion in the mouth; slow release of ointment facilitates supra-glottic local anesthesia and attenuates gag and cough reflexes. The Williams intubating airway comes in two sizes, size 10 being able to accommodate ETT size 7.5-8.5). A bronchoscope is used for visualization of vocal cords, endotracheal local anesthetic delivery and as a stylet over which the ETT is passed into the trachea as well as a confirmatory tool for adequacy of ETT placement. Additional lidocaine 1-2% solution is used as a local anesthetic both for supra-and infra-glottic anesthesia delivered via the working channel of the bronchoscope under direct visualization. 7. A lubricated endotracheal tube is loaded into the Williams airway prior to the intubation, both are placed into patient's mouth and bronchoscope is then inserted into the ETT. The endotracheal tube is then passed over the bronchoscopic stylet into the trachea. Difficulty with passing the tube through the larynx can be mitigated by rotating the tube 90 degrees counter-clockwise. Selecting a bronchoscope that minimizes the space between the outer diameter of the bronchoscope and the inner diameter of the tube also reduces this hazard port the patient during ETI. As an emerging concept, new data is needed to define the best clinical situations for its use. Maintenance of NIV in patients who are considered treatment failures undergoing ETI may reduce complications associated with discontinuation of the therapy during transition to invasive mechanical ventilation. Using nasal NIV during endotracheal intubation may be beneficial to provide a pneumatic stent for the upper airway and/or maintenance of gas exchange during ETI.
Experts' recommendation: Bronchoscopic awake intubation has been recommended in the past as an alternative approach to direct laryngoscopy for obese patients, patients with cranial or facial anatomy, neck or spinal mobility limitations, patients undergoing nasal intubation or patients who cannot lay flat, but little has been known about the use of this concept in severely hypoxemic or hemodynamically unstable patients. Use of nasal NIV before and during ETI of such patients in a carefully selected population of patients may help maintain adequate oxygenation and ventilation, lung recruitment and patency of upper airways. Furthermore, achieving optimal topical anesthesia and minimizing systemic sedation reduces the negative hemodynamic impact of anesthetics and paralytics during transition from negative to positive pressure ventilation. Bronchoscopic skills, non-urgent settings and the use of intubating airways play a significant role in the feasibility and efficacy of this technique. Low-dose propofol (usually < 50 mg, can be combined with ketamine)
